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1 .  TNTKODUCTLON 

I n  a r e c e n t  p a p e r ,  Huang a n d  V i n c e n t  (1985)  
p r r s e n t e d  a d i a g n o s i s  of t h e  zonal and e d d y  
e n e r g y  c o n v e r s i o n s  i n  t h e  S o u t h e r n  Henii s p h e r e  
d u r i n g  t h e  e a r l y  p a r t  o f  FGGE SOP-1, namely  
10-27 J a n u a r y  1979 .  They found  t h a t  wave number 
4 was t i e d  t o  t h e  t h r e e  c o n t i n e n t s  a n d  t o  t h e  
S o u t h  P a c i f i c  C o n v e r g e n c e  Zone (SPCZ) i n  t h e  
t r o p i c s  a n d  t h a t  t h e  SPCZ r e g i o n  made a s i g n i f i -  
c a n t  c o n t r i b u t i o n  t o  t h e  b a r o c l  i n i c  c o n v e r s i o n ,  
C E ,  f rom e d d y  a v a i l a b l e  p o t e n t i a l  t o  e d d y  k i n -  
e t i c  e n e r g y .  They a l s o  Found t h a t  wave numbers 
6-7 d o m i n a t e d  e a c h  of t h e  e n e r g y  c o n v e r s i o n s  in 
m i d d l e  l a t i t u d e s .  M o r e o v e r ,  t r a n s i e n t  waves 
were  r e s p o n s i b l e  f o r  n e a r l y  a l l  o f  t h e  t o t a l  by 
e a c h  c o n v e r s i o n  t e r m  i n  m i d d l e  l a t i t u d e s ,  where- 
a s  t h e  s t a n d i n g  e d d y  c o n t r i b u t i o n  a c c o u n t e d  f o r  
most o f  t h e  C E - c o n v e r s i o n  i n  t h e  t r o p i c s .  The 
p r e s e n t  s t u d y  u t i 1  i z e s  t h e  same m e t h o d o l o g y  
a p p l i e d  by Huang a n d  V i n c e n t  i n  t h e  S o u t h e r n  
H e m i s p h e r e  t o  d i a g n o s e  t h r  e n e r g e t i c s  o f  t h e  
N o r t h e r n  Hemisphe re  fo r  the. same p e r i o d .  Of 
p a r t i c u l a r  i n t e r e s t  i s  a c o m p a r i s o n  o f  t h e  t r o p i -  
c a l  s n d  e x t r a t r o p i c a l  e n e r g y  c o n v e r s i o n s  be twern  
t h r  two h e m i s p h e r e s .  I t  s h o u l d  be n o t e d  t h a t  
P r i c e  ( 1 9 7 5 )  made a c o m p a r i s o n  o f  t h e  e n e r g y  
c w t e n t s  be tween  t h e  t w o  h e m i s p h e r e s  fo r  a one- 
y e a r  p e r i o d .  More w i l l  be s a i d  l a t e r  r e g a r d i n g  
h i s  work.  

The m e t h o d o l o g y  c o n s i s t s  of  p a r t i t i o n i n g  
t h e  e n e r g y  c o n t e n t s  and  c o n v e r s i o n s  i n t o  z o n a l  
a n d  e d d y  component  e q u a t i o n s  u s i n g  t h r e e  e s t a b -  
l i s h e d  f o r m a t s :  ( 1 )  mixed s p a c e - t i m e  domain  
( O o r t ,  1 9 6 4 )  t o  d i f f e r e n t i a t e  be tween  c o n t r i b u -  
t i o n s  by  t h e  mean s t a t e  and  t r a n s i e n t  and  s t a n d -  
i n g  e d d i e s ;  ( 2 )  s p a c e  domain  ( B r e n n a n  a n d  
V i n c e n t ,  1980)  t o  i n v e s t i g a t e  d a i l y  v a r i a t i o n s ;  
a n d  ( 3 )  s p e c t r a l  d o m a i n  ( S a l t z m a n ,  1 9 5 7 ;  1 9 7 0 )  
t o  examine  t h e  s i g n i f i c a n c e  of s p e c i € i c  waves to 
t h e  t o t a l  e n e r g y  f o r  wave numbers  1-15. 

A d e t a i l e d  d e s c r i p t i o n  o f  t h e  d a t a  s o u r c e s  
and  c o m p u t a t i o n a l  p r o c e d u r e s  u s e d  i n  t h i s  p a p e r  
a p p e a r s  i n  V i n c e n t  ( 1 9 8 2 )  a n d  Huang a n d  V i n c e n t  
( 1 9 8 5 )  a n d  i s  n o t  r e i t e r a t e d  h e r e .  I n  summary, 
t h e  p r i m a r y  d a t a  s o u r c e  i s  a m o d i f i e d  s e t  of 

u p p e r  a i r  L e v e l  111-b a n a l y s e s ,  o r i g i n a l l y  p ro -  
d u c e d  by ECHWF. The d a t a  c o n s i s t s  of g r i d  p o i n t  
v a l u e s  of mean s e a  l e v e l  p r e s s u r e  and h o r i z o n t a l  
wind c o m p o n e n t s ,  g e o p o t e n t i a l  h e i g h t ,  t empera -  
t u r e  a n d  v e r t i c a l  p - v e l o c i t y  a t  m a n d a t o r y  p r e s -  
s u r e  l e v e l s  f rom 1000-100 mb, a l l  a t  i n c r e m e n t s  
O E  5 "  l a t / l o n .  Two o f  t h e s e  v a r i a b l e s  (T, i.) 
w e r e  i n i t i a l i z e d  i n  t h e  o r i g i n a l  ECMWF d a t a  s e t .  
We r e c o m p u t e d  e a c h ;  t hP  t t m p e r a t i i r r  h v d r o s t a t i -  

c a l l y  frorn t h c  hc3it:ht f i e l d  and t h r ,  v e r t i c a l  
m o t i o n  k i n w n a t i c a l l y  f r o i n  t h e  wind f i e l d  mak ing  
u s e  o f  a n  O ' B r i e n  ( 1 9 7 0 )  a d j u s t m e n t  scheme.  
T h u s ,  a l l  va r i ab1r .n  u s e d  i n  t h i s  s t u d y  a r e  b a s e d  
on  a n a l y z e d  v a r i a b l e s .  

2 .  RESULTS A N D  DISCUSSION 

I n  o u r  p r e v i o u s  s t u d i e s  we h a v e  shown t h a t  
t h e  SPCZ is  a q u a s i - s t a t i o n a r y  p e r s i s t e n t  f e a -  
t u r e  of t h e  S o u t h e r n  H e m i s p h e r e  c i r c u l a t i o n  d u r -  
i n g  t h e  p e r i o d  10-24 J a n u a r y  1979 .  E v i d e n c e  o f  
t h i s  f a c t  i s  g i v e n  i n  F i g .  1 which d e p i c t s  t h e  
t i m e - a v e r a g e d  o u t g o i n g  longwave r a d i a t i o n  (01.H) 
f o r  t h a t  p e r i o d .  V a l u e s  of OLR w e r e  d e r i v e d  
f rom NOAA p o l a r - o r b i t i n g  s a t e l l i t e s  a n d  were  
s u p p l i e d  t o  u s  by NESDIS/NOAA. 
t i o n s  c o n c e r n i n g  t h e s e  r a d i a t i o n  m e a s u r e m e n t s  
c a n  be found  i n  C r u b e r  and  W i n s t o n  ( 1 9 7 8 )  a n d  
W i n s t o n  e t  a l .  ( 1 9 7 9 ) .  In Fig .  1, OLR v a l u e s  
- < 225 a t  l ower  l a t i t u d e s  h a v e  b e e n  s h a d e d  
s i n c e  t h e y  mos t  l i k e l y  c m t a i n  d e e p  c o n v e c t i v e  
a c t i v i t y  a l a r g e  p e r c e n t a g e  of  the t i m e  
( t ieddingh: ius  and  K r u r g e r ,  1 9 8 1 ) .  I t  i s  c l e a r  
t h a t  o n e  o f  t h e  d o m i n a n t  c l o u d  bands  o c c u r s  i n  
c o n j u n c t i o n  w i t h  t h e  SPCZ. The o t h e r  p r o m i n e n t  
area o f  c o n v e c t i v e  a c t i v i t y  e x t e n d s  from S o u t h  
Amer ica  t o  t h e  e a s t e r n  p a r t  o f  t h e  S o u t h  
A t l a n t i c .  The l a t t e r  pht,nomenon, w h i c h  h a s  been  
r e f e r r e d  t o  a s  t h e  S o u t h  A t l a n t i c  Convergenci ,  
Zone (SACZ), is d i s c u s s e d  by Huang a n d  V i n c e n t  
i n  a p n p e r  f o u n d  e l s e w h e r e  i n  t h i s  p r e p r i n t  
vo lume .  I n  t h a t  p a p e r ,  t h e  f o c u s  is on 
c o m p a r i n g  t h e  e n e r g e t i c s  betwetsn ECHWF a n d  GLA 
a n a l y s e s ,  a s  w e l l  a s  a s s e s s i n g  t h e  r o l v  of t h e  
SPCZ a n d  SAC2 i n  t h e  g e n e r a l  c i r c u l a t i o n  o f  t h e  
S o u t h e r n  I l e m i s p h e r e .  Thr. p r e s e n t  p a p e r  f o c u s e s  
on a n  e x a m i n a t i o n  of  t h e  e n e r g e t i c s  i n  s p e c i f i c  
l a t i t u d e  b e l t s ,  i .e . ,  t h e  t r o p i c s  and  
e x t r a t r o p i c s  o f  t h e  N o r t h e r n  a n d  S o u t h e r n  
H e m i  s p h e r e s .  

D e t a i l e d  e x p l a n a -  

F i g u r e  2 shows t h e  t i m e - a v e r a g e d  mixed  
s p a c e - t i m e  domain  r e s u l t s  for t h e  e n e r g y  con-  
t e n t s  a n d  c o n v e r s i o n s  fo r  t h e  N o r t h e r n  H e m i s -  

p h e r e  (60°N-00) ,  S o u t h e r n  H e m i s p h e r e  (O0-6OoS),  
a n d  t h e  t r o p i c a l  ( 3 0 " - 0 " )  a n d  m i d - l a t i t u d e  
( 6 0 " - 3 0 ° )  s e c t o r s  of e a c h  h e m i s p h e r e .  S e v e r a l  
p o i n t s  a re  w o r t h  n o t i n g .  A l l  o f  t h e  c o n t e n t s  
a n d  t h e  CA a n d  CE c o n v e r s i o n s  o r e  g r e a t e r  i n  t h e  
N o r t h e r n  H e m i s p h e r e  t h a n  i n  t h e  S o u t h e r n  H e m i s -  
p h e r e .  T h i s  i s  n o t  too s u r p r i s i n g  s i n c e  t h e  
t ime p e r i o d  o c c u r s  i n  t h e  m i d d l e  o f  n o r t h e r n  
w i n t e r .  The eddy  p o r t i o n  o f  t h e  e n r r g y  c y c l e  i s  
t h e  same i n  b o t h  h e m i s p h e r e s  w i t h  a c o n v e r s i o n  
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of  AZ *AE -KE X Z .  In  g e n c r a l  t h e  t r a n s i e n t  eddy 
c o n t r i b u t i o n s  t o  c o n t e n t s  and  c o n v e r s i o n s  a r e  
g r v a t e r  t h a n  t h v  s t a n d i n g  vddy c o n t r i b u t i o n s ,  
bll t  n o t  s i g n i f i c a n t l y  g r e a t e r .  W i t h i n  t h e  sub-  
r e g i o n s  i t  is setan t h a t  t h e  t r o p i c a l  s e c t o r  of 
e a c h  h e m i s p h e r e  i s  c o n s i d e r a b l y  less  a c t i v e  
( r n e r g ~ t i c a l l y )  t h a n  t h e  m i d d l e  l a t i t u d e  s e c t o r s .  
A g a i n ,  t h i s  i s  n o t  t o o  s u r p r i s i n g .  However ,  one 
s i g n i f i c a n t  f e a t u r e  o f  tlit, e n e r g y  c y c l e  i s  t h e  
imp , , r t , i nc r  o f  tht. s t a i id i t i i :  eddy  component  o f  Ck, 
i n  t h r  S o u t l l r r n  l lrmisplierr .  t r o p i c s .  T h i s  f ra -  
t i i r e  w . 3 ~  e l u d t 5 d  t i l  i n  t h e  I n t r o d u c t i o n  and  i s  
one. of t h e  maill  t n p i c s  o f  d i s c u s s i o n  by 1tu;ing 
a n d  V i n c e n t  ( 1 9 8 5 ) .  Th+y Eound t h a t  whrn t h e  
S P C Z  ( w h i c h  was .I q u a s i - s t a t i o n a r y  f e a t u r e  o f  
ttie c i r c u l a t i o n )  was c o n v t ' c t i v e l y  a c t i v e  d u r i n g  
t l ie  10-24 J a n u a r y  p e r i o d ,  t h e  c o n v e r s i o n  o f  AE 
tcj KE w a s  v e r y  s t r o n g .  A f t e r  24 J a n u a r y ,  when 
t h e  SPCZ weakened  and d e c a y e d ,  t h e  CE c o n v e r -  
s i o n ,  h o t h  i n  t h e  SPCZ a rea  and  i n  t h e  t o t a l  
0-30"s b e l t ,  d e c r e a s e d  s u b s t a n t i a l l y .  F u r t h e r -  
no re ,  wave number 4 w 3 s  d o m i n a n t  i n  t h e  t r o p i c a l  
b e l t  when t h e  SPCZ was a c t i v e .  Our a n a l y s i s  
shows n o  c o u n t e r p a r t  o f  t h i s  :Javr a c t i v i t y  i n  
t!ie N o r t h e r n  H e m i s p h e r e  t r o p i c s  d u r i n g  t h e  
p e r i o d .  I t  i s  i n t e r e s t i n g  t o  n a t c  t h a t  P r i c e  
( i Y 7 5 )  f n u ~ i d  wave number  4 mddr a n  in ipo r t ; l n t  
c a n t r i b u t i , > n  t n  t h e  cddy  k i n e t i c  and  p o t e n t i a l  
e n e r g y  c o n t e n t s  o f  t h e  S o u t h e r t i  t lemisphert-  fo r  a 
o n e - y e a r  p e r i o d  b e g i n n i n g  May 1972.  

I t  i s  o b v i o u s  i n  F i g .  2 t h a t  t h e  mos t  r n e r -  
g e t i c a l l y  a c t i v e  r e g i o n s  a r c  i n  m i d d l e  l a t i -  
t u d e s ,  p a r t i c u l a r l y  i n  t h e  N o r t h e r n  Hemisphe re .  
Tne t -ne rgy  c y c l e  i n  n o r t h e r n  w i n t e r  i s  domina ted  
by a c o n v e r s i o n  of AZ t o  AE a n d  AE to KE. In 
t h e s e  c o n v e r s i o n s ,  b a t h  t r a n s i e n t  and s t a n d i n g  
e d d i e s  a r e  i m p o r t a n t .  One o f  t h e  more s u r p r i s -  
ing a s p e c t s  o f  t h e  c y c l e  i s  t h e  s m a l l  v a l u e  o f  
C K ,  wh ich  shows 3 wcvik  t r a n s p o r t  n f  momentum 
down t i l e  wind  g,r; i ' i i t-nt .  'l'hn norm11 s i  t r i : l t ion in 
n o r t h e r n  w i n t e r  i s  f o r  a much s t rongc ' r  c o n v e r -  
s i o n  o f  KZ t o  KE i n  m i d - l a t i t u d e = < .  In  t h e  South-  
e r n  Hemisphe re  m i d - l a t i  t u d t ' s ,  nont! nf t h e  e n e r g y  

c o n v e r s i o n s  a r e  n e g l i g i b l e  a n d  the. t r a i l s i can t  
wiiv(. P f f e r t s  d o m i n a t e  t h r  e d d y  c o n v e r s i o n s .  A 
mor,: & . t a i  I c d  < i i s c u s s i o n  o f  t h i s  r e g i o n ' s  c*n<*r- 
g e t i c s  i s  found  i n  Huang a n d  V i n c e n t  (1985) .  

S i n c e  CA and  CE i n  t h e  e x t r a t r o p i c a l  
r e g i o n s  a r e  t h e  mos t  s i g n i f i c a n t  e n e r g y  c o n v e r -  
s i o n s ,  t h e  r t . inaindrr  o f  t h e  p a p e r  focuses on 
t h e s v  t w o  Cliianti t i e s .  F i g u r e  3 shows  a time 
s e r i e s  o f  <;A , i i i < l  C E ,  d e r i v e d  t r o m  s p a c e  domain  
q u a t  i n n s ,  f o r  60"-30"N and 30" -60"S.  I n  g e n e r -  
n l ,  tlit' t r r n , l  n f  CA i s  t h e  same a s  t h a t  of CI.: i l l  

b o t h  I i t ~ ~ n i s p l i , ~ i - ~ s .  I n  a d d i t i o n ,  t l i e  m a g n i t u d e s  
art. cmnpar:ihlc-.  'This  i m p l i e s  t h a t  t h e  two con-  
v e r s i o n s  a r e  t a k i n g  place,  n e a r l y  s i m u l t a n n o n s l y ,  
t h a t  i s ,  sensible h e a t  i s  b e i n g  t r a n s p o r t e d  h o r i -  
z o n t n l l y  f rom warm r e g i o n s  t o  c o l d  r e g i o n s  a n d ,  
011 t h e  same t i m e  s c a l e ,  t h e  warmer a i r  i s  r i s i n g  
w h i l e  t h e  co1dc.r a i r  i s  s i n k i n g .  A s  n o t e d  
t ' a r l i e r ,  t h e  i n t e n s i t y  of  t h i s  c i r c u l a t i o n  i s  
g r e a t e r  i n  t h e  Nor t l i e r n  H e m i s p h e r e .  

The s p e c t r a l  e n e r g y  d i a g n o s i s  p e r f o r m e d  by 
Huang and V i n c e n t  ( 1 9 8 5 )  f o r  t h e  S o u t h e r n  t l r m i s -  
p h f r e  i n i d - l a t i t u d e s  showed t h a t  a l l  of t h e  e d d y  
e n e r g y  c o n v e r s i o n  t e r m s  b a d  a p e a k  i n  wavc nirm- 
b e r s  6 a n d  7. 'Their  g r a p h s  of  CA a n d  CE arc. 
r e p r o d u c e d  i n  F i g .  4 ,  t o g e t h e r  w i t h  s i m i l a r  
g r a p h s  f o r  t h e  N o r t h e r n  H e m i s p h e r e .  I t  i s  sei 'n  
t h a t ,  a s  f o r  t h e  day - to -day  c h a n g e s ,  p l o t s  o f  
t h e  two c o n v e r s i o n s  i n  wave number domain  a r e  
s i m i l a r .  In ttle N o r t h e r n  H e m i s p h e r e ,  t h e  maxi- 
mum v a l u e  of CA a n d  CE o c c u r s  a t  n=2.  'There 
a l s o  is  a n  i m p ( , r t a n t  c o n t r i b u t i o n  t o  t h t  c i i c r g y  
s p e c t r u m  a t  i n t e r m e d i a t e  w a v e l e n g t h s ,  w i t h  il 
p e a k  a t  n=7. T h u s ,  i n  b o t h  h e m i s p h e r e s  t h e  l a r -  
ger s y n o p t i c - s c a l e  ( R o s s b y )  waves  a r e  i n  impor -  
t a n t  i n  t h e  AZ.AE.KE c o n v e r s i o h .  Howt-ver ,  i n  
t h e  N o r t h e r n  l l e m i s p h e r e  t t ie  I n n g  waves  make t h e  
m o s t  s i g n i f i c a n t  c n r i t r i b i i t  i nn  t n  t h i s  c o n v c r s i o n  
c y c l e ,  wIipr(.as i n  t l ie  ~ i , i r t l r e r ~ ~  Hemi5pl i r re  t i le  
i i i  t e  rmed i R t r  wave s domina te  . 
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